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The Tuscaloosa Marine Shale (TMS) in southwest Mississippi and south-central
Louisiana has potential to become a prolific source of fossil fuels using hydraulic
fracturing technology. The objective of this study is to better understand the sequence and
regional stratigraphy, lithology, and character of the TMS. Studying the TMS’s
lithologic, depositional, and diagenetic properties is essential to maximize potential
production. Characterization of the eastern TMS was performed with cuttings from two
wells provided by the Mississippi Oil and Gas Board through MDEQ, and two provided
by the USGS. Thirty-one petrophysical logs were correlated, to make cross sections and
trace sequence stratigraphic intervals within the TMS. Results of the study showed
lithologic variability and compaction across the study area, and a sequence stratigraphic
correlation of the highstand systems track between the Tuscaloosa and Eagle Ford
Groups. This research aims to work toward the greatest potential of the TMS as an
unconventional reservoir.
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CHAPTER I
INTRODUCTION
Motivation
Fossil fuel resources have become more accessible over recent decades due to the
development of hydraulic fracturing. This process, better known as fracking, is a method
that combines old technology, hydraulic fracturing, with new technology, geosteering,
that allows oil and gas to be produced from reservoir rocks with low permeability. Shale
is the most common hydraulically fractured rock type in the oil and gas industry. Shales
are ideal for hydraulic fracturing because their compositions, environments of deposition,
and brittle properties often accommodate the formation of a successful petroleum system
and a reservoir rock, where expulsion of mature hydrocarbons from the source rock has
not occurred, that can be mechanically fractured.
As demand for cleaner resources becomes more prevalent, natural gas is emerging
as a more valuable fossil fuel. It is a more environmentally friendly alternative to the
more pollutant fossil fuels, oil and coal (Akinnikawe et al., 2013). A study found that
greenhouse gas emissions for natural gas are 17% lower than gasoline and 27% lower
than coal, and the same study cautiously suggested that shale gas emitted 6% less
greenhouse gases than conventional natural gas (Burnham et al., 2012). Shale exploration
has surged because extensive unconventional shale reservoirs contain large volumes of
natural gas due to the type of organic material associated with shales in their deposition,
1

their sealing capabilities that allow the material to mature into the gas window, and their
brittle nature that accommodates the fracking process. Many unconventional shale
reservoirs are present across the United States, and some of the most well-known are the
Eagle Ford Shale, the Marcellus, and now the Tuscaloosa Marine Shale.
The TMS is known to be present in southern Mississippi and Louisiana, and the
Eagle Ford is known to be present in Texas. Understanding how the two units are related
and how they differ is valuable because production processes that work in the Eagle Ford
Shale may also be suitable in the TMS due to the depositional similarities. Fracking can
help reduce the amount of greenhouse gases expelled into the atmosphere by making
natural gas more readily available, but there are some environmental concerns associated
with it (Shtepani et al., 2010). One of these major concerns is the amount of water used in
the initial fracturing. Studies show, carbon dioxide could be used in place of water as the
fracking fluid, but in-depth studies of the proposed reservoirs must be conducted first
(Clark, 2010). If fracking with carbon dioxide can be performed in the Eagle Ford, where
it has been tested sparingly, then it could be utilized in the TMS as well, if these units are
lithologically similar due to their correlative nature (Zhou and Burbey, 2013). The TMS
is an oil play, but progression of efficient hydraulic fracturing in any shale reservoirs also
has implications for further success in gas plays. This is a motivation to thoroughly study
the rocks that come from unconventional shale units. The success and potential to achieve
maximum production within the TMS will be dependent on attaining the most well
understood geologic characterization.

2

Research Questions
1. Is there variability in the composition, diagenetic properties, or grain
relationships within the TMS along its lateral and horizontal distributions?
2. How does the TMS fit into the regional stratigraphy of southwest Mississippi?
3. How does the character of the TMS relate to the unconventional Eagle Ford
Shale?
4. How are the stratigraphic layers within the TMS distributed across the study
area?
Hypothesis
I hypothesize that the characteristics of the TMS will change with vertical and
lateral distribution. I anticipate seeing inconsistencies in diagenetic processes and
porosity with depth and more grain compaction with depth near structural features, such
as the Adams County High, Mississippi Interior Salt Basin, and Wiggins Arch in the
region. I also hypothesize that the Eagle Ford Shale and TMS do correlate into one
another as part of the same regional transgressive cycle. I believe that I will be able to
support this hypothesis through my stratigraphic study of the Tuscaloosa Marine Shale
across southern Mississippi, and I will support this with SEM and elemental mapping.
Objectives and Purpose
To better understand the sequence stratigraphic framework, the regional
stratigraphy, the lithologic properties, and the overall character of the TMS, the
objectives of this study were to: 1) locate the TMS in petrophysical well logs, 2) trace
stratigraphic sequences within the TMS, 3) characterize the lithologic properties, grain
relationships, and notable diagenetic processes of TMS cuttings through SEM and
3

elemental mapping. The purpose of this study was to contribute to the understanding of
the sequence stratigraphic and lithologic properties of the TMS as it becomes a more
viable means of accessing oil in the United States.
Previous Work
The Petroleum System
A petroleum system consists of five necessary components: 1) a source rock rich
in organic matter (kerogen), 2) sufficient maturation time at an appropriate temperature to
begin catagenesis which breaks down the kerogen into hydrocarbons, 3) a migratory
pathway for the resulting petroleum products out of the source rock, 4) a reservoir rock
with appropriate permeable pore space to contain the migrated petroleum, and 5) a trap or
seal to contain the petroleum within the reservoir. Shales are unconventional reservoirs
because they are their own reservoirs, sources, and seals. Silt-sized mud and clay
particles, which lithify into extremely fine-grained rocks with low porosity and
permeability are the components of shales. For this reason, they are common sealing
layers above porous reservoirs that hold hydrocarbons and they impede the flow of those
fluids out of the reservoir (Pernia et al., 2015). However, shales can seal hydrocarbons
within themselves as well, making them unconventional reservoirs. They are called
unconventional reservoirs because they are hydrocarbon bearing rocks, but they do not
have the inherent interconnected porosity, known as permeability, to be able to facilitate
the migration of fluids at an economic or producible rate.
The most prolific reservoir locations within the TMS vary laterally and vertically
(Berch, 2013). The quality of a source is also dependent on the amount and type of
organic matter. Organic matter properties depend on stratal stacking patterns and
4

environments of deposition (Passey et al., 2010). Peak total organic carbon (TOC) values
tend to be located in accordance with the maximum flooding surfaces (MFS) and increase
in percentage toward the interior of the basin, in the case of siliciclastic sediments
(Passey et al., 2010). However, the complex geometries found around continental slope
and shelf margin settings create more variable TOC distribution and reservoir quality,
which explains the hurdles associated with establishing stronger exploration techniques
and production methods in the variable TMS. The TMS has a particularly low TOC value
and it is suspected that this is due to the fact that the TMS was deposited along the
ancient continental shelf, instead of in deep marine environments like other popular
unconventional resources known today. This lower TOC value is suspected to be
associated with shallower water depths, higher sea floor energies, and therefore, higher
oxygenation of the organic matter (Allen et al., 2014). These principles present
themselves variably across the entire TMS.
Hydraulic Fracturing
Fracking can be utilized to mechanically create fractures in impermeable rock
layers that then allow fluids to flow into the drilled wellbore and be produced as
resources (Zhou and Burbey, 2013). Detailed understandings of hydraulic fracturing and
the possibilities associated with it are essential to the assessment of the TMS’s petroleum
system and economic viability because it is important to be able to identify locations
within the TMS where hydraulic fracturing is environmentally acceptable, the most
hydrocarbons can be retrieved through the process, and the rock is the most brittle. These
end results can be made possible by studying the previous work scientists have done on
the TMS and can be expanded upon with this research.
5

Geosteering, one of the newest techniques affecting the success of drilling, also
utilizes detailed geologic characteristics to improve the chances of a well being highly
productive. In geosteering, science and reasoning are used in manipulating the position of
the borehole based on geologic observations to better reach the drilling target, which can
greatly improve the success of the fracking process. Fracking is a practice that has been
utilized for decades, but it has become increasingly more popular with the recent push
toward cleaner fossil fuels, like natural gas. Natural gas can be produced from numerous
tight shale or carbonate formations that were previously non-viable but can now be
accessed because of fracking. The interest in these resources and their viability is based
heavily on economics, which has both limited and sparked interest in the TMS as a unit
that can be hydraulically fractured. During the fracking process, when water returns to
the surface after being used to create fractures, it has a much higher content of total
dissolved solids (TDS) (Renock et. al., 2016). These TDS are valuable for helping to
define what lithologies and environments the water came in contact with downhole, but
they pose a greater concern when it comes to disposing the water because some of the
TDS could cause environmental concerns. Transportation infrastructure and
environmental hazards are two of the largest concerns from the public in relation to
fracking (Rahm et al., 2015). Residents naturally feel it may interfere with their lives or
harm the environment. Improving the public perception of fracking could increase its
acceptance and improve the process for better environmental sustainability and efficient
economic use.
Statoil ASA, now known as Equinor, and General Electric are running a research
program for implementing the widespread use of supercritical carbon dioxide, rather than
6

water, for the fracturing process. Tests have been successfully run in the Bakken and
Eagle Ford shales by both companies (Koppang, 2015). However, there is still much
work to be done in understanding how and where this process is most efficient. Positive
feedbacks associated with it include less environmental impact and more successful
fracture formation. Fracking with carbon dioxide gets rid of the need for injection wells
and overuse of water because the supercritical carbon dioxide can be reused once it
returns to the surface. It also provides a use for trapped carbon dioxide that would
otherwise go unused or be released into the atmosphere.
Stratigraphy
Fracking is done on a large scale in the Eagle Ford of South Texas and the TMS
of southern Louisiana and Mississippi is becoming a more common location for hydraulic
fracturing. Correlation has been attempted between the two units by identifying
maximum flooding surfaces and nanofossils. Six third-order sequences were identified
and maximum flooding surfaces were identified in the TMS and the Eagle Ford to
illustrate a time correlation (Wornardt, 2016). This correlation is significant because it
offers a guide to look for similarities in the Eagle Ford and TMS, which is valuable for
applying principles like sequence stratigraphy across the Gulf of Mexico.
The TMS is the middle member of the larger Tuscaloosa Group, which is
bounded by a subaerial unconformity from below and an unconformable surface from
above (Mancini and Puckett, 2002a). The Tuscaloosa trend is comprised of three distinct
lithologic units called the Upper Tuscaloosa, Tuscaloosa Marine Shale, and Upper
Tuscaloosa. The Lower Tuscaloosa, which is the oldest member of the Tuscaloosa
Group, lies on top of the Washita Group and the Upper Tuscaloosa, which is the youngest
7

member of the Tuscaloosa Group, is located beneath the Eutaw Group (Mancini and
Puckett, 2002a) (Figure 1).
Sequence Stratigraphy
The TMS was deposited during the fifth transgressive-regressive cycle of the Gulf
of Mexico (Mancini and Puckett, 2002b). Transgressive-regressive cycles have been
mapped throughout the entirety of the Gulf of Mexico Basin. There are eight notable
cycles traced through the Cretaceous Period alone, with six interspersed unconformities
(Mancini and Puckett, 2002b).
Combining sequence stratigraphy and geomechanics presents an efficient method
for characterizing unconventional shales (Slatt, 2013). Slatt suggests that the
predictability of cycles in nature indicates that cyclic sea level fluctuations produce
predictable stratigraphic geometries. Non-depositional or erosional surfaces tend to be
more difficult to identify in deep water marine settings, but regressive pulses in sea level
are evident in minor erosional features. These erosional features help to delineate
between distinctive layers and trace shoaling upward cycles within the TMS that indicate
separate parasequences (Mulholland, 1998). These parasequences are traceable and can
be relayed with chronostratigraphic surfaces.
The Tuscaloosa Group notably has four separate chronostratigraphic units, A, B,
C, and D (Barrell, 2013). The unit B is overlain by unit A, where B is indicated by a
prograding wedge and followed by a transgressive systems tract (Barrell, 2013). The
Tuscaloosa B comprises a highstand systems tract, a maximum flooding surface, a
transgressive systems tract, and a prograding complex (Barrell, 2013). The B unit also
holds the TMS and is first indicated above unit A by the Pilot Lime. The Tuscaloosa
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Group and the Washita Group are separated by a subaerial unconformity that was formed
with a decrease in accommodation space as siliciclastic sediments stacked up to
maximum sea level (Mancini and Puckett, 2002b). Sea level began to rise above the
siliciclastic sediments and allowed the accumulation of shallow marine to marine
deposits, which are characteristic of the TMS (Mancini and Puckett, 2005). These
observations are made evident through core and cutting analyses, seismic data, and
petrophysical logs. The transgressive-regressive cycles associated with deposition of
sediments in the study area, the systems tracks associated with the cycles, and their
influence on regional stratigraphy can be seen in Figure 1.
There are a number of rules to note when assessing the TMS and greater
Tuscaloosa Group through well logs. The contact between the Lower Tuscaloosa and the
TMS is a ravinement surface that can be located on well logs with a negative response on
the spontaneous potential (SP) log (Mancini and Puckett, 2002b). This ravinement
surface marks the time boundary between the aggradational and back-stepping stages in
the deposition of the Lower Tuscaloosa and the Tuscaloosa Marine Shale (Mancini and
Puckett, 2005).
Variability can be generalized across the Tuscaloosa trend and grouped into two
sections, the TMS-West and the TMS-East. The sections have been found to have
different lithologic sources (Weitkunat, 2015). This fact explains why geologists have
often struggled to correlate lithofacies across the different ends of the TMS. The TMSWest is also shallower with lower resistivity due to the influence of paleo depositional
environments. The close location of the TMS-East to structural highs caused that portion
of the Tuscaloosa Marine Shale to be deposited in a structural low, which led to more
9

overburden pressure and naturally induced fracturing. The naturally induced fractures are
associated with the higher resistivity zone because oil is allowed to accumulate in the
open space and produce a high resistivity response in well logs (Barrell, 2013). This is an
insightful observation, but it only magnifies the many complexities that must be
addressed in an all-inclusive study of the TMS.

Figure 1

Stratigraphic column and T-R cycles, Gulf of Mexico (Modified from
Mancini and Puckett, 2002b).

The primary study interval is highlighted, with the Upper Tuscaloosa in yellow, the TMS
in green, and the Lower Tuscaloosa in orange.
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Related Theses
Previous theses exist where studies have been performed within the study area.
Each thesis served as an independent study apart from the others, but information from
each one helped create a base for finding questions to answer in this study. These theses
include work completed by Jessica D. Pair (Pair, 2017), Hunter Berch (Berch, 2013), and
Sydney Weitkunat (Weitkunat, 2015). The works of Pair and Weitkunat both utilized a
sequence stratigraphic approach to interpreting the TMS, with implications for improving
economic production potential. The work of Berch incorporated thermal modeling and
log overlay analysis to predict production trends. These projects answered questions
related to aspects of the TMS that this study did not address and some incorporated core
studies which were useful because core descriptions could not be feasibly completed in
this study.
Production History
The TMS is an Upper Cretaceous oil play that is known for its potential as an
unconventional resource (Lu et al., 2015). Exploration in the Lower Tuscaloosa began in
southern Alabama during the mid-1900’s (Mancini et al., 1987). The Tuscaloosa Group
was originally pursued as a conventional play with sandstone reservoirs located in the
Lower Tuscaloosa. The TMS was originally considered the sealing mechanism for the
traditional sandstone reservoirs. However, it was not treated as an unconventional
reservoir until 1978 (John et al., 2005). Innovations in drilling and high volume hydraulic
fracturing for unconventional resources have made accessing hydrocarbons in tight shale
reservoirs much more attainable, and this has led to an increased interest in the TMS in
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recent years, especially with the calculation of a seven-billon barrel potential (John et al.,
1997).
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CHAPTER II
GEOLOGIC SETTING
Formation of the Gulf of Mexico Basin
The TMS, with the Tuscaloosa Group as a whole, was deposited after the
formation of the Gulf of Mexico due to rifting within Pangea during the Jurassic Period
(Peel et al., 1995). The rift exposed a passive margin that served as the setting for the
deposition of sediments that now compose the Gulf of Mexico Basin. The now passive
margin of the Gulf of Mexico Basin underwent extensive faulting and extensional
deformation in the Late Triassic to Early Jurassic periods (Mancini et al., 2008, Berch,
2013).
The Early Cretaceous was characterized by an abundance of bathyal and shelf
carbonate and evaporite deposition (McFarlan and Menes, 1991). The Mississippi Interior
Salt Basin, Louisiana Interior Salt Basin, and East Texas Salt Basin formed as sag basins
in response to the extensional forces associated with the rifting of Pangaea in the Early
Jurassic (Mancini et al., 2008). The extensional forces were followed by a period of
subsidence and subsequent marine transgression, which brought about extensive
sedimentation and the development of a major shelf edge and reef complex. A major
marine regression followed, which led to the creation of a laterally extensive
unconformity. The next major marine transgression began and this created more
accommodation space for the deposition of the Tuscaloosa Group (Mancini et al., 2008).
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Deposition of the Tuscaloosa Group
Deposition of the TMS look place in the Late Cretaceous during the late
Cenomanian to early Turonian stages. The depositional patterns were heavily influenced
by structural highs and lows across the basin and widespread cyclic sea level change
(Figure 1). Carbonate deposits dominated the shelf before the deposition of the
Tuscaloosa Group, which had influence over the depositional patterns of sediment influx
to the basin.
The deposition of the Washita Group was followed by a marine regression that
created the unconformity below the Tuscaloosa Group. Siliciclastic sediments moved into
the basin too quickly for sea level to properly accommodate and space in the basin was
minimized. The decrease in accommodation space caused the system to move back
seaward and create a depositional environment for non-marine sediments, but sea level
began to rise again and gave way to the TMS.
The TMS is known to be a highly laminated, dark, calcareous shale interbedded
with glauconitic siltstones and a large amount of bivalve, ammonite, and gastropod
fossils (Mancini et al., 1987). The general fossil assemblage found overall in the TMS is
consistent with a shallow marine shelf environment (Liu, 2005).
An infilling phase followed in a marine regression in the final stages of TMS
deposition and the deposition of the Upper Tuscaloosa (Mancini et al., 1987). The
progradational sedimentation migrated to up-dip areas and was rendered complete by the
middle Coniacian. The locations of the Tuscaloosa Group and the Eagle Ford can be seen
in relation to the regional structure characteristics in Figure 2.
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Figure 2

Structural map of Texas, Louisiana, and Mississippi with well symbols for
this study and the locations of the TMS and Eagle Ford shale plays.

Figure 2 was modified from John et al., 2005, Mancini and Puckett, 2005, Dubiel et al.,
2010, and Dennen and Hackley, 2012.

The deposition of the Tuscaloosa Group sediments was greatly impacted by the
structural features in the Cretaceous Gulf of Mexico Basin. The extensional faulting and
upwelling of salt within the basin due to its history have also greatly impacted the
successful oil fields in the region with the formation of structural and stratigraphic traps.
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CHAPTER III
DATA
Petrophysical Well Logs
There were exactly 31 well logs utilized in this study. The well logs were
accessed through the Mississippi Oil and Gas Board and were SP and resistivity logs.
MDEQ Cuttings
Borehole cuttings were collected from the Mississippi Department of
Environmental Quality Geology Office located in Jackson, Mississippi on June 29, 2017.
Cuttings were chosen based off of what was available in wells with samples from the
TMS interval. Cuttings from exactly five wells were collected. The cuttings for the wells
with the most associated information were chosen from these samples. Cuttings from two
wells were prepped, coated with 30 nm of platinum, and imaged under SEM.
USGS Plugged Cuttings
Exactly twenty-nine separate samples were provided by the United States
Geological Survey. The samples consisted of loose cuttings and core fragments set within
clear plastic plugs. Exactly four of the cuttings were used for elemental mapping and
chosen based on their proximity to the type log’s location.
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Thin sections
The cuttings collected from the Mississippi Department of Environmental Quality
in Jackson, Mississippi were also used to make thin sections. Cuttings from exactly three
out of the five wells were turned into thin sections. The cuttings were sent directly to
Spectrum Petrographics, Inc. in Vancouver, Washington. The company produced the thin
sections and sent them back to Mississippi State University for analysis.
Study Area
The size of the study area was originally controlled by the available data. The
primary study area is in southwest Mississippi. Data were used from exactly seven
Mississippi counties, where thin sections, cuttings, and well logs were available. The data
are from Walthall, Forrest, Amite, Adams, Pike, Franklin, and Wilkinson counties, with
the four additional USGS samples from Lincoln and Pike counties. The primary study
area is focused on the eastern portion of the TMS in southwest Mississippi and is shown
in Figure 3.
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Figure 3

Map of the study area with well locations indicated and the study area
outlined in red on the image of the greater coast of the Gulf of Mexico.
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CHAPTER IV
METHODS
General Methods
TMS characterization and regional stratigraphic interpretation was achieved by
incorporating studies conducted in previous theses with data gathered and analyzed in
this project. The study consisted of three different research areas. Cuttings, well logs, and
thin sections were studied separately and later integrated to accomplish the objectives of
the study. The primary methods utilized for the purpose of gaining and gathering
information about the stratigraphy and characterization of the TMS included:
1. Gathering information from previous publications and theses to serve as a guide
for structuring this study;
2. Synthesizing petrophysical well logs from Mississippi;
3. Constructing numerous structural cross sections and stratigraphic cross sections to
trace sequence stratigraphic surfaces across the TMS play;
4. Conducting SEM analyses on cuttings from wells located in the Mississippi
portion of the Tuscaloosa Group;
5. Using EDS to perform elemental mapping on plug mounted samples provided by
USGS;
6. Performing thin section analyses for cuttings from three wells within the
Tuscaloosa Group.
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Well Log Synthesis
Selecting Well Logs
Many well logs were available online from the 1990’s because this was a time
when the Lower Tuscaloosa was initially explored. These well logs usually ran through
the entire Tuscaloosa Group, so data for the TMS was available. Exactly thirty-one well
logs from Mississippi counties have been used in this study. The logs were initially
chosen on the basis of availability and sorted for visual quality, because they would need
to be clear for the digitization process. Resistivity, SP, and gamma ray logs were favored
because they were the most common of the available logs.
Uploading and Digitizing Well Logs
Thirty-one well logs were uploaded to Petra© from the Mississippi Oil and Gas
Board website. These logs were individually digitized in the program to be used as the
basis for the sequence stratigraphic study and correlation.
The well log images were produced by uploading images downloaded from the
MDEQ website that were merged together within the Raster and Calibration module in
Petra©. The well logs were digitized by using the stylus from the digitization function
also within the Raster and Calibration module.
Interpreting Well Logs
Petrophysical well logs served as the basis for interpreting depositional sequences,
determining thicknesses, correlating picked tops through cross sections, and determining
lithologies. The well logs were used to correlate the stratigraphic units across the study
area and to trace sequence stratigraphic surfaces within the TMS. SP and resistivity logs
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were the primary types used. SP logs were used to help determine subsurface lithology by
deciphering the electrical potential of rock layers. Resistivity logs were used to assess
subsurface porosity, fluid content, and therefore lithology by measuring resistiveness to
the flow of electrical currents in rocks. Gamma ray logs were helpful for correlating
lithologic units and tracing sequence stratigraphic surfaces by measuring the natural
radioactivity within the rocks which is essential in shale studies. Shales were indicated by
high gamma ray, high spontaneous potential, and a slight shift to low resistivity readings
on the petrophysical logs. The previously picked formation tops from the well log scout
cards were used as guides for picking each top, but interpretations were also used when
appropriate.
Gamma ray logs are also important assessment tools for stratigraphic analyses.
The readings gathered from the gamma ray log are used to calculate the volume of shale,
or V-shale, located within the particular rock unit being studied (Asquith and Krygowski,
2004). The V-shale calculation is particularly important for unconventional resource
plays because it is essential in determining the volume of clay minerals within a rock.
The volume of clay is a determining factor in how suitable a shale reservoir is for
hydraulic fracturing. The swelling of clays can inhibit the space created by fractures and
compromise the flow of oil or gas into the wellbore for production. However, gamma ray
logs were not widely utilized in this study due to lack of availability.
The type log, located near the center of the Mississippi portion of the study, is
from the Darbun North field located in Walthall County; the well is named No. 1
Fernwood 3-13 and it was chosen based on its locality, log quality, and the availability of
cuttings from the drilling process (Figure 4). Seven distinct changes in well log character
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were observed across the study area for this project. Those changes were interpreted as
depositional cycles and were labeled A – H, excluding E for clarity to not be confused
with F, and appear throughout the study. The formations are consistently color coded
throughout, with the Upper Tuscaloosa in yellow, the TMS in green, and the Lower
Tuscaloosa in orange.
Cross Section Construction
Cross sections were constructed in Petra© software, where they were created by
selecting wells across the study area and correlating picked formation tops between them.
The cross sections served as the primary tools for interpreting structural presence in the
study area and tracing the stratigraphic sequences that could be seen across the area.
Sequence Stratigraphic Interpretation
The primary method for separating sequence stratigraphic packages in the well
logs was carefully deciphering coarsening upward packages. Paper copies of logs were
used to strengthen the interpretation of the spontaneous potential and resistivity logs by
providing more well control in the Mississippi portion of the study area for greater
accuracy, but they were not utilized in the mapping or correlation processes. The
interpretations were compared closely with the work previously done by Sydney
Weitkunat at the University of Louisiana at Lafayette (Weitkunat, 2015) and Jessica Pair
at Stephen F. Austin State University (Pair, 2017) in their theses on the TMS, which both
contained sequence stratigraphic analyses.
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SEM Analysis
SEM on cuttings gathered from the MDEQ was performed using the ZEISS EVO50 Variable Pressure SEM and the JEOL 6500F Field Emission SEM. The machine used
was determined by availability. Cuttings from two wells were thoroughly studied using
SEM. These wells were the one used for the type log, No. 1 Fernwood 3-13, and a
wildcat well from Amite county with the API number 2300500268, named Prestridge 1.
Cuttings from five wells were collected, but the two wells were chosen based on their
localities, well log availabilities, and sample intervals.
Cutting chips were chosen from the samples gathered according to which lithology
was most dominant at each sample interval in each well. The samples were prepped in the
lab before analysis. Each cutting was broken to expose a fresh surface and mounted onto
a stand with double-sided tape. Prepped samples were placed into the EMS 150T ES
sputter coater and coated with 30 nm of platinum before they could be properly viewed
and imaged in the SEM. The samples from No. 1 Fernwood 3-13 were coated twice to
ensure a solid layer of platinum was distributed onto the cuttings.
The cuttings were placed into the SEM to be imaged. Images were taken to note
anomalies in the shale cuttings and also to gain perspective of the overall character of the
rocks. Anomalies included changes in grain size or shape, changes in porosity, and
changes in the fracture patterns of the cuttings. The images were studied to help
characterize the lithologies, porosities, and diagenetic histories of the rocks. These
characteristics have stipulations for depositional environment interpretation, post
depositional history, and unconventional reservoir quality.
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Elemental Mapping
The SEM and elemental mapping portions of this study were conducted on the
campus of Mississippi State University in the Institute for Imaging & Analytical
Technologies (I²AT). Elemental analysis was performed with the ZEISS EVO-50
Variable Pressure SEM machine with Espirit© software in Hypermap mode. This
analysis was performed on cuttings set in plugs which were provided by the USGS.
Elemental mapping provided insight into the lithological makeup of the cuttings and
helped strengthen the SEM studies for shale characterization, since traditional SEM does
not specifically indicate lithology. The elements that were mapped included silicon,
oxygen, sulfur, iron, aluminum, sodium, potassium, calcium, carbon, magnesium, and
zircon. These elements were mapped in order to identify minerals commonly found in
shale and some that may be variable. Silicon and oxygen are important elements because
they indicate quartz, and higher quartz content indicates the ability of the rock to fracture
more efficiently. Aluminum, sodium, and potassium are equally important because they
indicate the presence of clay minerals, which can inhibit the ability of the shale to be
fractured because they may swell and block fractures to the point of obscuring production
processes. Energy Dispersive X-Ray Spectrum (EDS) was used to achieve the elemental
mapping to assess the relative percentages and presences of elements in the samples.
Thin Sections
Thin sections were produced from exactly 3 of the 5 wells from which cuttings
were collected at the MDEQ Geology Office. The wells were chosen based off of where
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thin sections could be useful. The type log was chosen, along with a well that was used in
the SEM analyses, and another well that had a petrophysical log available.
The chosen cutting samples were sorted into individual envelopes for each
interval and sent to Spectrum Petrographics, Inc. in Vancouver, Washington to be
produced as thin sections. The thin sections were shipped back to Mississippi State
University where images were taken of the thin sections to be analyzed.
Photomicrographs were taken using a Nikon Coolpix 990 camera on a Nikon Eclipse
E400 POL microscope utilizing the Coolpix MDO Nikon camera attachment for the
microscope. Prior to being placed under the microscope, each thin section was held up to
the room lights to make a visual estimate of the dominant lithology among the cuttings
sectioned. All lithologies present on the slide were examined, but the dominant lithology
was considered to be most likely to be representative of the interval that the cuttings were
taken from.
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CHAPTER V
RESULTS
Introduction
Seven distinct petrophysical well log signatures were observed and traced across
the study area. These signatures served as markers for interpretation within the study area
and were the basis for correlation of regional units. The well log signatures chosen to
serve as the markers between stratigraphic units were based off of the type log for this
study. The type log, No. 1 Fernwood 3-13, was chosen based on its relative location to
the center of the study area and the extra data that were available for that well. Access to
SEM and thin section data was available for the type log and other wells within the study
area. The additional data were used to gather results to achieve a better understanding of
each of the seven units distinguishable in the data set. This portion of the study served as
a method for fulfilling the objective of gaining a better understanding of the TMS and
Tuscaloosa Group, and to test the hypothesis that the TMS and Eagle Ford Shale were
deposited in response to the same sea level fluctuations but are not lithologically
continuous and are therefore not the same unit. These distinguishable units were not
differentiated based on sequence stratigraphy, but by distinct markers in the well log
signals that could be traced across the study area.
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Type Log
The type log for the study area is found in Walthall County for the well No. 1
Fernwood 3-13 (Figure 4). The well’s location in relation to the other wells in the study
area is shown in Figure 16, where the type log is part of Cross Section B to B’.

Figure 4

No. 1 Fernwood 3-13 is the type log for this study. It is shown here with
the Upper Tuscaloosa shown in yellow, the TMS in green, and the Lower
Tuscaloosa in orange.

The seven distinct surfaces traced in the data set were chosen based off of their
regional extent in the well logs and for their distinguishable well log signatures. All of the
picks for the other logs in the data set were compared to the type log for consistency.

27

Results
Eagle Ford and Tuscaloosa Group Correlation
The Johnston et al. Unit #1 log for this study located in Amite County, which can
be seen in detail later in this study (Figure 9), and a type log of the Eagle Ford Group
obtained from literature (Dubiel et al., 2012) were correlated to show the nature of the
relationship between the two major units (Figure 5).

Figure 5

Stratigraphic column and T-R cycle diagram aligned with the Johnston et
al. Unit #1 well.

The figure shows the Johnston et al. Unit #1 well from the study area to show the nature
of the correlation between the Eagle Ford and Tuscaloosa Marine Shales (adapted from
Mancini and Puckett, 2002b, Mancini and Puckett, 2005, and Adams and Carr, 2010).
Sequence stratigraphic interpretation, Amoco Prod. Co. Bickham T D 1 well and
Maverick Co. well, adapted from Donovan and Staerker, 2010 and Dubiel et al., 2012).
Not to scale.
Many different naming and classification mechanisms exist for the Eagle Ford
Group, which has been influential in the confusion associated with determining if the
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TMS and Eagle Ford Shale are conformable, correlative, or unrelated (Donovan and
Staerker, 2010). The fluctuations associated with marine and continental facies moving
from down to up-dip locations further complicates already complex correlations over
large distances (Dubiel, et al., 2012). Sequence stratigraphy helps show that the units do
have very similar and conformable HST-TST patterns with similar ages and character and
are therefore chronologically relatable.
Cross Section A to A’
Cross sections for this study were strategically chosen based on log quality, well
location, total depth, and the ability to identify formation tops within each well log used.
The wells selected for Cross Section A to A’ trend east to west across the southern
portion of most of the study area (Figure 6). This cross section traverse also includes the
Johnston et al. Unit #1 well, for which thin sections were analyzed in this study.
Study Area Map A

Figure 6

Study area map with Cross Section A to A’ outlined in red with each well
symbol marked with a red circle.
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Structural Cross Section A to A’
Cross Section A to A’ trends across a large portion of the study area, and
therefore shows a significant amount of structural variability. The structural map of the
region (Figure 2) indicates that this cross section runs parallel to and is positioned
between the Mississippi Interior Salt Basin and the Lower Cretaceous shelf edge.
Structural Cross Section A to A’ is shown in Figure 7.

30

Figure 7

Structural Cross Section A to A’ with the Tuscaloosa Group traced.

The Upper Tuscaloosa is indicated by stratigraphic layer A (yellow), the TMS is shown
as layer B (light green), three distinct depositional surfaces C, D, and F follow
respectively with depth (dark green), the Lower Tuscaloosa is labeled as layer G
(orange), and a massive sand not visible in all of the wells due to depth constraints is
labeled H (purple). The stratigraphic labels are UT: Upper Tuscaloosa, TMS: Tuscaloosa
Marine Shale, and LT: Lower Tuscaloosa.

Structural Cross Section A to A’ (Figure 7) indicates that there is a significant
increase in depth toward the western portion of the study area.
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Stratigraphic Cross Section A to A’
Stratigraphic Cross Section A to A’ contains the same wells and takes the same
traverse as Structural Cross Section A to A’. This stratigraphic cross section is hung on
the Upper Tuscaloosa datum and is shown in Figure 8.

Figure 8

Stratigraphic Cross Section A to A’ trending across the southern portion of
most of the study area.

The color and labeling methods used in Stratigraphic Cross Section A to A’ are the same
as those used in Structural Cross Section A to A’ (Figure 7). The stratigraphic labels are
UT: Upper Tuscaloosa, TMS: Tuscaloosa Marine Shale, and LT: Lower Tuscaloosa.

Stratigraphic Cross Section A to A’ indicates that the Upper Tuscaloosa becomes
thicker near the center of the cross section pathway around well No. 2 Magee 14-1. It also
shows that the TMS gets slightly thicker near the No. 2 Magee 14-1 well and has a
relatively constant thickness toward each end of the cross section measured from the
middle. Unit D to F shows thinning near the center of the well appearing to be the result
of condensed section.
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Depositional Sequences and Stratigraphy
The sequence stratigraphic framework of the Gulf of Mexico Basin sediments is
essential to understanding the history of the basin and its resource potential. Sequence
stratigraphy is also necessary for correlating sedimentary basins across long distances and
can especially be used when lithologic correlations are not sufficient.
The Johnston et al. Unit #1 well log from Structural and Stratigraphic Cross
Sections A to A’ was divided into sequence stratigraphic units. The seven traced surfaces
labeled in the cross sections can be grouped into cycles and particular systems tracts
indicative of paleoenvironment and sea level during the times of deposition for units
within a depositional sequence. Figure 9 shows the division of systems tracts designated
to the Tuscaloosa Group at that particular location in the study area.
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Figure 9

Raster log from the Johnston et al. Unit #1 well interpreted with formation
top picks, stratigraphic cycles, and systems tracks.

The acronyms indicated in Figure 9 represent different systems tracks differentiated with
sequence stratigraphy. They respectively represent the high stand systems track (HST),
the maximum flooding surface (MFS), the transgressive systems track (TST), and the
lowstand systems track (LST). Sequence stratigraphic methodology was adapted from
literature (Galloway, 1989).

The Tuscaloosa Group, along with the Eagle Ford, which will be mentioned later
in this study, can be divided into a complete sequence with sequence boundaries found
above and below the entire Tuscaloosa Group. The intervals associated with the
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deposition of each unit can be subdivided according to the systems track (Figure 1). The
top of the LST is marked by the transition from the Lower Tuscaloosa into the TMS. The
Lower Tuscaloosa was deposited during the aggradational phase of the sequence when
sea level was low and sediment supply was high. The LST indicates the point when sea
level was low and then began to rise to give way to more accommodation space and the
start of the deposition of the TMS during the TST. During the transition into the TST, the
sequence experienced a backstepping interval when the shoreline was moving landward
from rising sea level and sediments were building landward. Accommodation space
remained high until the MFS was reached in the TMS unit. The MFS was chosen based
off of a distinct shift in the log pattern in the middle of the TMS represented by top D
(Figure 9). This shift was characterized by a slight kick left in the SP log and a shift right
in the resistivity log.
Following the MFS, infilling occurred in the basin which lowered accommodation
space. The first indication of nearing the top of the TMS in the SP log is a small pointed
shift left that is present across the study area. The sand quickly shifts back right to
indicate shale, but the presence of a sand layer shows the cyclical nature of sea level even
as it was falling back into the progradational interval. The decrease in accommodation
space gave way to shallower environments which eventually became the Upper
Tuscaloosa. The Upper Tuscaloosa is a very cyclical unit, reflecting the impact of
structural highs and lows in the basin and fluctuating sea levels at the time of deposition.
Thin Section Images
Samples of cuttings from four different depth intervals of the Johnston et al. Unit
#1 well were made into thin sections and analyzed using a standard petrographic
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microscope (Figure 6, Figure 9). At times, these intervals fell into the same stratigraphic
sequence and their images were placed next to one another on the data chart (Figure 10).
Johnston et al. Unit #1 and Data Chart
Figure 10 shows the log Johnston et al. Unit #1 with picked tops for each of the
seven chosen surfaces within the study area and labeled formation tops. The well is
corrected for subsea depth and imaged samples from each corresponding interval are
aligned with the unit at the appropriate depths.

Figure 10

Data chart for thin sections from the Johnston et al. Unit #1 well.

The sample intervals were corrected to subsea depths and then the images for each
sample interval were placed into their corresponding stratigraphic layers on the data
chart.
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The data chart contains images of the dominant lithology from each interval. The
Upper Tuscaloosa, or unit A – B, shows moderately clean to dirty sands and quartz-rich
dark shale in the middle to lower TMS.
Thin Sections
The thin sections analyzed in this portion of the study area are from the Johnston
et al. Unit #1 well (Figure 6), with its location shown in Figure 9. A thin section was
made for cuttings from four depth intervals in the well.
Johnston et al. Unit #1 (11,102 – 11,112 ft)
The first sample interval utilized for thin sections (Figure 11) included cuttings
from 11,420-11,430 ft, which put these rocks in the Upper Tuscaloosa to TMS interval,
or interval A to B for this study, once the depths were corrected to subsea (Figure 10).
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Figure 11

Thin section image of cuttings from the Upper Tuscaloosa at a depth of
11,102 - 11,112 feet.

Figure 11 shows medium grained sand with little visible pore space, other than the
lines of epoxy showing. The cracks or lines in the sample could have formed during the
drilling process, but the potential diagenetic processes will be explored more in SEM
analysis. Cracks in individual cuttings could have also formed during thin section
preparation.
Johnston et al. Unit #1 (11,102 – 11,112 ft) b
The cutting shown in Figure 12 consists of compacted fine to medium-grained
quartz sand.

38

Figure 12

Thin section image of a cutting from the Upper Tuscaloosa, units A to B, at
the depth of 11,102 – 11,112 feet.

Johnston et al. Unit #1 (11,182 – 11,192 ft)
The sample interval 11,182 – 11,192 feet is 80 feet deeper than the previous
interval, but it is still within the Upper Tuscaloosa in the Johnston et al. Unit #1 well. The
sample is shown in Figure 13.
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Figure 13

Thin section image of cutting from the Upper Tuscaloosa, units A to B, at
the depth of 11,182 – 11,192 feet.

The sample shown in Figure 13 appears to be more clay or mud-rich than the
previous sample interval within the Upper Tuscaloosa. This sample primarily showed
fine grained sand surrounded by a darkly colored mud or clay matrix.

Johnston et al. Unit #1 (11,682 – 11,692 ft)
The sample shown in Figure 14 is from the TMS and consists of a fine-grained
clay with intermixed minerals, primarily poorly sorted, angular quartz.
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Figure 14

Thin section image of cuttings from the Tuscaloosa Marine Shale, units D
to F, at the depth of 11,682 – 11,692 feet.

Johnston et al. Unit #1 (11,682 – 11,692 ft) b
The grain previously shown in Figure 14 can be seen in Figure 15 at a less
powerful magnification.
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Figure 15

Thin section image of cuttings from the Tuscaloosa Marine Shale, units D
to F, at the depth of 11,682 – 11,692 feet.

Figure 15 shows shale cuttings from the lower half of the TMS. The shale
contains quartz crystals as well as feldspar grains. The larger quartz grains are oriented in
layers and the smaller grains are intermixed in-between. The grains are poorly sorted and
range from angular to rounded.
Cross Section B to B’
Study Area Map B
The traverse for Cross Section B to B’ was chosen to include two wells that had
both SEM and thin section data within this project. It is also parallel to the first cross
section and will be used to analyze the change in the stratigraphic and structural
influences on the units as the study moves north. The orientation of Cross Section B to B’
is shown in Figure 16.
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Figure 16

Study area map showing the location of Cross Section B to B’.

The orientation of the cross section is shown by the red line connecting each well
location, where wells used in the cross section are indicated with a red circle.

Cross Section B to B’ includes the Prestridge 1 and No. 1 Fernwood 3-13 wells.
Both of these wells have additional data in this study with SEM and thin sections. No. 1
Fernwood 3-13 is the type log for this study and the basis for picking each stratigraphic
surface in the cross sections.
Structural Cross Section B to B’
Structural Cross Section B to B’ trends parallel to Cross Section A to A’. The
cross section is located slightly more north than Cross Section A to A’ and is closer to the
Mississippi Interior Salt Basin, but further from the Adams County High on its left end,
according to the structural map in Figure 2. Structural Cross Section B to B’ is shown in
Figure 17.
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Figure 17

Structural Cross Section B to B’ trending west to east across the study area.

The Upper Tuscaloosa is indicated by stratigraphic layer A (yellow), the TMS is shown
as layer B (light green), three distinct depositional cycles C, D, and F follow respectively
with depth (dark green), the Lower Tuscaloosa is labeled as layer G (orange), and a
massive sand not visible in all of the wells due to depth constraints is labeled H (purple).
The stratigraphic labels are UT: Upper Tuscaloosa, TMS: Tuscaloosa Marine Shale, and
LT: Lower Tuscaloosa.

This cross section shows a general decrease in subsurface depth to the east, as
seen in Structural Cross Section A to A’.

44

Stratigraphic Cross Section B to B’
Stratigraphic Cross Section B to B’ (Figure 18) displays the same wells as seen in
Structural Cross Section B to B’. The datum used for this cross section is the Upper
Tuscaloosa top.

Figure 18

Stratigraphic Cross Section B to B’ trending west to east.

The color and labeling methods used in Stratigraphic Cross Section B to B’ are the same
as those used in Structural Cross Section B to B’. The stratigraphic labels are UT: Upper
Tuscaloosa, TMS: Tuscaloosa Marine Shale, and LT: Lower Tuscaloosa.

Stratigraphic Cross Section B to B’ shows the Upper Tuscaloosa thickening to the
east. The cyclic layers C-D and D-F within the TMS are relatively even in thickness, but
interval C-D begins to thin toward the east. The TMS appears much thinner in the
Fitzgerald Clyde 1 well in comparison to the neighboring wells. Additional data for the
western and eastern-most wells in the cross section are displayed in Figures 19 and 20.

45

Depositional Sequences and Stratigraphy
The depositional sequences within the Tuscaloosa Group are especially helpful
when lithologic correlations are questionable, especially in the interbedded and cyclic
upper and lower units. The sequence stratigraphic interpretations of the Prestridge 1 and
No. 1 Fernwood 3-13 wells are shown in Figure 19 and Figure 20, respectively.
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Prestridge 1

Figure 19

Sequence stratigraphy on the Prestridge 1 raster log.

An explanation of the sequence stratigraphic acronyms used in this image can be found in
the caption of Figure 9.

Although the Prestridge 1 well does not show much of the LST due to depth
limits, the transitional phase from cyclic sand to shale is visible, marking the boundary
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between the Lower Tuscaloosa and the Tuscaloosa Marine Shale. This transition
indicates a change in environment and sea level as aggradation transitioned into
backstepping, which brought rise to the deposition of the TMS. Eventually, progradation
paired with marine transgression created the accommodation space necessary for the
TMS to be deposited.
The MFS was chosen as layer D in the Prestridge 1 log and is located relatively in
the middle of the TMS. Sea level began to fall again and lead to the deposition of the
Upper Tuscaloosa and the transition into coarser grained sediments during the HST. The
Prestridge 1 well shows shorter pulses of sand interbedded with shale in the lower portion
of the Upper Tuscaloosa.

48

No. 1 Fernwood 3-13

Figure 20

Sequence stratigraphic interpretation of type log, No. 1 Fernwood 3-13.

An explanation of the sequence stratigraphic acronyms used in this image can be found in
the caption of Figure 9.
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The log for the No. 1 Fernwood 3-13 well indicates that there may have been
more influx of sand into this area because there is more cyclicity in the sands of the
Lower Tuscaloosa and it is thicker than in the previous logs. The environment of
deposition was more sensitive to subtle sea level fluctuations. The transition from LST to
TST was abrupt and produced a sharp shift right in the SP log. The change from TST to
HST can be interpreted as sea levels rising and accommodation space increasing,
bringing finer grained sediments inland to be deposited as the TMS. The MFS, marked by
D, is closer to the top of the TMS than before, indicating a more rapid transition from
TST into HST.
SEM and Thin Section Images
Prestridge 1 and No. 1 Fernwood 3-13 Data Charts
The Prestridge 1 and No. 1 Fernwood 3-13 wells are both parts of the Cross
Section B to B’ and additional data is available for them within this study. The analyzed
SEM and thin section images can be seen at subsea depth alongside the Prestridge 1 well
in Figure 21 and the No. 1 Fernwood 3-13 well in Figure 22.

Prestridge 1
The data chart for the Prestridge 1 well (Figure 21) contains information gathered
from samples of cuttings taken from five intervals of the well. Multiple images were
chosen for each interval if they displayed different characteristics, but otherwise a
representative image was chosen.
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Figure 21

Data chart for Prestridge 1 well.

The sample intervals were corrected to subsea depths and then the images for each
sample interval were placed into their corresponding stratigraphic layers on the data
chart.

No. 1 Fernwood 3-13
SEM and thin section images were available for five of the stratigraphic layers
within the study area for the type log. The data chart for the No. 1 Fernwood 3-13 well
can be observed in Figure 22.
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Figure 22

Data chart for type log, No. 1 Fernwood 3-13.

The sample intervals were corrected to subsea depths and then the images for each
sample interval were placed into their corresponding stratigraphic layers on the data
chart, starting with the TMS, labeled B, at -9,153 feet.

The images included in the data charts are analyzed further, beginning with
Figure 23.

SEM
Prestridge 1
Prestridge 1 (10,186 – 10,196 ft)
Figure 23 shows sheet like layers of clay grains bent around quartz grains within
the 10,186 – 10,196 feet interval. The layered grains resemble illite and the webbed, more
random clays are smectite (Welton, 1984). The sample is from the upper portion of the
TMS between the layers B and C.
52

Figure 23

SEM image of cutting from Prestridge 1 well from 10,186 – 10,196 feet.

Prestridge 1 (10,236 – 10,246 ft)
The sample in Figure 24 is 100 feet deeper than the sample from Figure 23, but it
has similar character. The illite grains are layered around sand grains. Some pore space is
visible among the lightly compacted shales.
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Figure 24

SEM image from Prestridge 1 (10,236 – 10,246 feet).

Prestridge 1 (10,306 – 10,316 ft)
Figure 25 shows a large grain surrounded by severely deformed illite clay flakes.
The grains have been heavily compacted, but there appears to be porosity between each
flake of illite, whereas the rest of the sample is compacted with no visible porosity.
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Figure 25

SEM image from Prestridge 1 (10,306 – 10,316 feet).

Prestridge 1 (10,306 – 10,316 ft) b
Figure 26 shows compacted clay minerals with fewer quartz grains than in Figure
25. The clay minerals in Figure 26 have been compacted into linear flat lying layers in
contrast to the deformed clay minerals shown in Figure 25.
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Figure 26

SEM image from Prestridge 1 well from 10,306 – 10,316 feet at 2,700 x
magnification.

Prestridge 1 (10,426 – 10,436 ft)
The sample shown in Figure 27 pictures lightly deformed illite grains with
significant pore space between the layers. There appear to be less quartz grains in this
sample, but due to the high magnification of this image in comparison to others, there
could be surrounding quartz grains outside of the field of view.
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Figure 27

SEM image from Prestridge 1 at 10,426 – 10,436 feet.

Prestridge 1 (10,466 – 10,476 ft)
Figure 28 is an image of layered clay grains with a quartz grain located at the
center. Porosity can be observed around the quartz grain and in cracks between each
layered illite grain.
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Figure 28

SEM image from the Prestridge 1 well in the interval (10,466-10,476 feet).

Prestridge 1 (10,546 – 10,556 ft)
The sample shown in Figure 29 is from the F-G interval, directly above the top of
the Lower Tuscaloosa. The clay grains are less discernable than before because they have
been exposed to excessive overburden pressure. There is also more smectite in this
interval coating most of the surface area of the illite grains. A conchoidally fractured
quartz grain is barely noticeable in the upper left corner of the image.
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Figure 29

SEM image from Prestridge 1 at 10,546 – 10,556 ft.

No. 1 Fernwood 3-13
No. 1 Fernwood 3-13 (9,153 – 9,163 ft)
The sample shown in Figure 30 is from the uppermost interval within the TMS,
B-C. The SEM image shows primarily illite grains with some smectite at the center left
portion of the image.
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Figure 30

SEM image from the No. 1 Fernwood 3-13 well at 9,153 to 9,163 feet.

No. 1 Fernwood 3-13 (9,254 – 9,264 ft)
Illite grains are shown at a nearly flat lying orientation in Figure 31. The grains
seem to have undergone minimal deformation but are highly compacted. The barely
visible pore space between the grains does not show significant depth.
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Figure 31

SEM image at 9,254 to 9,264 feet from the No. 1 Fernwood 3-13 well.

No. 1 Fernwood 3-13 (9,453 – 9,463 ft)
The sample shown in Figure 32 is from the TMS interval D-F. This interval is
located below the MFS, but the sample was taken near F at the bottom of the layer. The
sample’s close proximity to the Lower Tuscaloosa, layer G, could explain the large
amount of quartz crystals visible in this SEM image. The clay grains are compacted, but
they still have visible porosity between each clay flake and between the clays and the
quartz grains.
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Figure 32

SEM image from the 9,453 – 9,463 ft interval in the No. 1 Fernwood 3-13
well.

No. 1 Fernwood 3-13 (9,503 – 9,513 ft)
Figure 33 shows deformed clay grains providing evidence of compaction;
however, no quartz grains are clearly present in the image. There is significant secondary
porosity in the center of the image where a crack has formed, but the origin of the crack
and the mineralogy of the masses on either side of the crack cannot be discerned from the
image.
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Figure 33

SEM image with slight charging from the No. 1 Fernwood 3-13 well at the
9,503’ to 9,513’ interval.

No. 1 Fernwood 3-13 (9,553 – 9,563 ft)
Figure 34 contains an SEM image of a sample from a different angle. The flat
lying clay grains are smooth on each surface protruding from the larger portion of the
grain. This angle also shows that the grains are oriented in multiple directions, with some
coming directly out of the larger mass of the sample and some oriented perpendicular to
those grains.
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Figure 34

SEM image from No. 1 Fernwood 3-13 at 9,553 to 9,563 ft with grains at
multiple angles.

Thin Sections
Prestridge 1
Prestridge 1 (10,466 – 10,476 ft)
The thin section image shown in Figure 35 displays two grains of sandy shale.
The uppermost grain has a darker material infilling a network of cracks throughout the
sand and shale layers, which could be organic material.
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Figure 35

Thin section image from (10,466 – 10,476 ft) in the Prestridge 1 well.

Prestridge 1 (10,466 – 10,476 ft) b
Figure 36 shows a sandy shale grain. The grain is from the middle of the interval
D-F in the Prestridge 1 well. This portion of the well is representative of the TMS, but
there are higher order cycles that could not be picked in the study area due to the
limitations within the data set, so it is possible that this sandy shale is the result of smaller
scale sea level changes in the area. It also exhibits linear porous laminations or zones,
which were not noted in any other sample interval with this pattern.
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Figure 36

Thin section image 2 from the (10,466 – 10,476 ft) interval of Prestridge 1.

Prestridge 1 (10,631 – 10,641 ft)
Figure 37 shows a thin section image of a sandstone grain. The grain is a very
clean sandstone composed of primarily quartz with some pellet grains intermixed. The
sandstone’s minimal clay or mud content in comparison to the other samples is a result of
its location in the lowermost TMS unit near the top of the Lower Tuscaloosa, when sands
were still present in the area of deposition.
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Figure 37

Thin section image of sandstone from 10,631 – 10,641 feet in Prestridge 1.

Prestridge 1 (10,631 – 10,641 ft) b
Figure 38 shows two sandy shale grains. The upper grain appears to have a higher
clay or mud content than the one below it. The lighter color of the lower grain and the
visible sand crystals make it a cleaner sample closer to a sandstone, whereas the upper
grain is more like a shale. This interval is in the transitional cycle between the TMS and
Lower Tuscaloosa units. The grains also have cracks that have been infilled with darker
material which could be clay, mud, or organic material.
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Figure 38

Thin section image 2 from Prestridge 1 at (10,631 – 10,641 ft).

No. 1 Fernwood 3-13
No. 1 Fernwood 3-13 (9,153 – 9,153 ft)
Figure 39 is an up-close image of a sandstone grain. The crystals are highly
compacted with both quartz and felspar present. The rust colored lines throughout the
sample indicate oxidation. Flakes of mica with parallel long axes occur in this sample.
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Figure 39

Thin section image from No. 1 Fernwood 3-13 at (9,153 – 9,153 ft).

No. 1 Fernwood 3-13 (9,153 – 9,153 ft) b
Figure 40 shows the same sample as illustrated in Figure 39, just focused on a
different grain. This part of the sample is similar to the last, with quartz and feldspar
grains making up a compacted sandstone with evidence of oxidation. However, this
image shows an infilled crack spanning across the top left corner of the picture. The crack
appears to be infilled with unidentified gray to black material suggesting that it is not
from the drilling process.
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Figure 40

Thin section image 2 from (9,153 – 9,153 ft) in the No. 1 Fernwood 3-13
well.

No. 1 Fernwood 3-13 (9,503 – 9,513 ft)
Figure 41 shows the assortment of grains within this sample interval. This sample
is from the F-G interval of the type log, which is the lowermost portion of the TMS. This
interval contains shale, sandstone, a fossil fragment, and sandy shale cuttings.
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Figure 41

Thin section image of an assortment of grains from No. 1 Fernwood 3-13 at
(9,503 – 9,513 ft).

No. 1 Fernwood 3-13 (9,503 – 9,513 ft) b
Figure 42 is another image of Figure 41, but with higher magnification. The large
cutting to the right is a portion of a fossil. The environment in the basin at the time of the
initial deposition of the TMS would have been ideal for Inoceramus, and the cutting
appears to be a portion of an Inoceramus shell.
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Figure 42

Thin section image 2 from the 9,503 to 9,513 interval in No. 1 Fernwood 313 showing an Inoceramus fragment.

No. 1 Fernwood 3-13 (9,553 – 9,563 ft)
The cutting shown in Figure 43 is a shale grain with void lines oriented nearly
perpendicular to the grain itself. The lines could be a result of the drilling or sample
preparation process, or they could be a result of diagenetic processes, as this sample is
from the upper portion of the Lower Tuscaloosa, where it would have experienced
significant overburden pressure.
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Figure 43

Thin section image from (9,553 – 9,563 ft) in the No. 1 Fernwood 3-13
well.

No. 1 Fernwood 3-13 (9,553 – 9,563 ft) b
Figure 44 shows a sandstone grain from the Lower Tuscaloosa. The grain has
excellent porosity and appears to be very clean. There is some finer grained material
creating a matrix between the larger quartz sand grains, but porosity is still visible
throughout. The results noted here may be a product of the thin section making process
and should be studied in more detail.
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Figure 44

Thin section image 2 from the No. 1 Fernwood 3-13 well at the interval
9,553 – 9,563 feet.

No. 1 Fernwood 3-13 (9,553 – 9,563 ft) c
Figure 45 shows a sand grain from the Lower Tuscaloosa unit with a high clay or
mud content. This is a dirty sand, meaning it has a high clay and mud content in relation
to quartz grains, which has implications for porosity and permeability, especially during
hydrocarbon production.
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Figure 45

Thin section image 3 from (9,553 – 9,563 ft) in No. 1 Fernwood 3-13.

Cross Section C to C’
Study Area Map C
The location of the third cross section is shown in Figure 46. This location was
chosen because it runs perpendicular to the two previous cross sections and includes the
Johnston et al. Unit #1 well from Cross Section A to A’.
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Figure 46

Study area map for Cross Section C to C’.

Cross Section C to C’ location map with selected wells circled in red.

Structural Cross Section C to C’
The Structural Cross Section C to C’ trends southwest to northeast through the
study area (Figure 47). It intersects Cross Section A and Cross Section B to offer a threedimensional concept.
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Figure 47

Structural Cross Section C to C’ trending southwest to northeast across the
study area.

The Upper Tuscaloosa is indicated by stratigraphic layer A (yellow), the TMS is shown
as layer B (light green), three distinct depositional cycles C, D, and F follow respectively
with depth (dark green), and the Lower Tuscaloosa is labeled as layer G (orange).

Structural Cross Section C to C’ shows a decrease in depth toward the Stanley
Roberts 1 well. This cross section affirms the trend that the TMS structurally deepens to
the southwest.
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Stratigraphic Cross Section C to C’
The Stratigraphic Cross Section C to C’ (Figure 48) uses the Upper Tuscaloosa
top as the datum. The cross section shows slightly thicker stratigraphic layers in the
center near the #1 T. J. Parker well.

Figure 48

Stratigraphic Cross Section C to C’.

The color and labeling methods used in Stratigraphic Cross Section C to C’ are the same
as those used in Structural Cross Section C to C’.

Depositional Sequences, Stratigraphy, and Thin Sections
The Johnston et al. Unit #1 well, which can be seen in more detail in Figure 9,
used in this cross section for its additional information was also utilized in Cross Section
A to A’. Information about the depositional sequences, stratigraphy (Figure 9), and thin
sections (Figure 10) can be found under the Cross Section A to A’ heading.
Additional Information
The USGS donated twenty-nine samples to this study, and four of these samples
were used in SEM and elemental mapping through EDS. The samples are from two
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different wells in the study area, Sinclair 1 Dolly Wallace (API: 2308500272) and
Humble 1 Holmesville Unit 1 (API: 2311300086), and can be seen on the location map in
Figure 49.

Study Area Map for Elemental Mapping and Energy Dispersive X-Ray

Figure 49

Study area map for USGS samples.

Elemental Mapping and Energy Dispersive X-Ray Spectrum
Sinclair 1 Dolly Wallace (10,657.2 ft)
Four sample intervals were analyzed with the goal of interpreting lithologies. The
samples were screened for elements known to be present in the TMS, including: silicon
and oxygen (quartz), sulfur and iron (pyrite), aluminum, sodium, and potassium (clay
minerals), calcium (calcite).

79

Image used for analysis
A grain in the sample set was chosen where minimal charging was occurring in
the SEM (Figure 50). The grain chosen was then processed with elemental mapping
(Figure 51) by EDS (Figure 52). The grain is shown in Figure 50.

Figure 50

SEM image of sample from Sinclair 1 Dolly Wallace (10,657.2 ft).

Elemental Mapping
The elemental maps for the Sinclair 1 Dolly Wallace well at the depth of 10,657.2
feet and is shown in Figure 51. Pt represents the platinum coating in yellow. The
elemental maps confirmed the presence of quartz grains within a clay rock matrix. The
maps also showed the presence of calcium and iron, with one occurrence of organic
material shown as carbon in orange.
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Figure 51

Elemental maps for Sinclair 1 Dolly Wallace (10,657.2 ft).

Energy Dispersive X-Ray Spectrum
The Energy Dispersive X-Ray Spectrum for the Sinclair 1 Dolly Wallace well
sample from the depth of 10,657.2 feet showed significant spikes for silica, carbon, and
oxygen (Figure 52). The silica and oxygen confirm the presence of quartz grains in the
sample, and a moderate spike in aluminum could indicate the presence of illite and
potentially kaolinite (Welton, 1984). This analysis was taken from the entire field of view
in Figure 50.
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Figure 52

Energy Dispersive X-Ray Spectrum analysis of Sinclair 1 Dolly Wallace
(10,657.2 ft).

Sinclair 1 Dolly Wallace (10,659.8 ft)
Image used for analysis
A grain in the next interval of the Sinclair 1 Dolly Wallace well was chosen for
analysis (Figure 53). The grain chosen went through elemental mapping (Figure 54) by
way of EDS (Figure 55).
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Figure 53

SEM image of sample from Sinclair 1 Dolly Wallace (10,659.8 ft).

Elemental Mapping
The elemental maps for the Sinclair 1 Dolly Wallace well at the depth of 10,659.8
feet are shown in Figure 54. These elemental maps are significant because they show the
absence of aluminum and silica where there is calcium. The shapes of the spheres more
closely resemble calcareous grains (Welton, 1984), rather than diagenetic processes like
quartz overgrowths. These are described as calcareous peloids.
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Figure 54

Elemental maps for Sinclair 1 Dolly Wallace (10,659.8 ft).

Energy Dispersive X-Ray Spectrum
The Energy Dispersive X-Ray Spectrum for the Sinclair 1 Dolly Wallace well
from the sample depth of 10,659.8 feet showed significant spikes for silica, calcium, and
aluminum (Figure 55). The large spike near the zircon marker is not zircon, but an
unlabeled response to the platinum coating on the sample. The EDS analysis, from the
field of view in Figure 53, suggests that the sample’s primary lithologies are quartz, illite,
and smectite (Welton, 1984).
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Figure 55

Energy Dispersive X-Ray Spectrum analysis of Sinclair 1 Dolly Wallace
(10,659.8 ft).

Humble 1 Holmesville Unit 1 (10,659-10,660 ft)
Image used for analysis
A grain was chosen from the sample interval 10,659 – 10,660 feet for the Humble
1 Holmesville Unit 1 well (Figure 56). The sample chosen was used for elemental
mapping (Figure 57) through EDS (Figure 58). The grain is shown in Figure 56.
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Figure 56

SEM image of sample from Humble 1 Holmesville Unit 1 (10,659 – 10,660
ft).

Elemental Mapping
The elemental maps for the Humble 1 Holmesville Unit 1 well at the 10,659 –
10,660 feet interval are shown in Figure 57. These elemental maps indicate the presence
of a wide variety of elements. There is an absence of aluminum and silica where calcium
is present. Iron and sulfur are shown in the same area of the sample, which signifies the
presence of pyrite. There are also quartz grains, indicated in yellow.
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Figure 57

Elemental maps for Humble 1 Holmesville Unit 1 (10,659 – 10,660 ft).

Energy Dispersive X-Ray Spectrum
The Energy Dispersive X-Ray Spectrum, from the entire field of view in Figure
56, for the Humble 1 Holmesville Unit 1 well from the sample interval 10,659 – 10,660
feet showed spikes in silica, aluminum, and calcium (Figure 58). These results are
consistent with those of other samples, except there is a slight spike in sulfur, which
could indicate the presence of pyrite, as the elemental maps did show the presence of
iron. The large spike near the zircon marker is an unlabeled response to the platinum
coating on the sample, and not zircon.
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Figure 58

Energy Dispersive X-Ray Spectrum analysis of Humble 1 Holmesville Unit
1 (10,659 – 10,660 ft).

Humble 1 Holmesville Unit 1 (10,660 – 10,661 ft)
Image used for analysis
The grain used for analysis was chosen in an area where charging was high and
creating a very bright quality in the photo, but elemental mapping with EDS was
successful. The chosen grain from the sample is shown in Figure 59.
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Figure 59

SEM image of sample from Humble 1 Holmesville Unit 1 (10,660 – 10,661
ft).

Elemental Mapping
The elemental maps for the Humble 1 Holmesville Unit 1 well in the interval
10,660– 10,661 feet are shown in Figure 60. The linear patterns that appear dark in the
aluminum, quartz, and calcium maps appear to be highlighted in the magnesium and iron,
which could indicate dolomitization, but is more indicative of clay minerals (Welton,
1984). Sulfur and iron in the same location indicates the presence of pyrite.
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Figure 60

Elemental maps for Humble 1 Holmesville Unit 1 (10,660 – 10,661 ft).

Energy Dispersive X-Ray Spectrum
The Energy Dispersive X-Ray Spectrum for the Humble 1 Holmesville Unit 1
well from the sample interval 10,660 – 10,661 feet showed spikes in calcium, aluminum,
and silica, with an unlabeled anomaly near zircon of platinum due to the coating on the
sample (Figure 61). This EDS analysis was taken from the entire field of view in Figure
59.
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Figure 61

Energy Dispersive X-Ray Spectrum analysis of Humble 1 Holmesville Unit
1 (10,660 – 10,661 ft).
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CHAPTER VI
DISCUSSION
Workflow
The tops of seven distinct surfaces were identified in thirty-one well logs in the
data set and grouped into formations and systems tracks, with the exception of eight logs
not recorded with enough depth to penetrate layer H, a regionally continuous Lower
Tuscaloosa sand.
It was difficult to map depositional sequences on the SP and Resistivity logs
without physical core for comparison, so larger cycles than originally desired were traced
through the entire Tuscaloosa Group. The cycles were originally chosen because they
created distinct signatures in the well logs for correlation, but the surfaces chosen did fit
into a sequence stratigraphic framework.
The identification of depositional sequences made it easier to understand how the
Tuscaloosa Group was formed and how sea level influenced the depositional
environments in the region during the Upper Cretaceous. The SEM and thin sections
served as ways of seeing how these depositional processes, paired with time, influenced
the character and composition of the grains. Then the elemental mapping through EDS
helped to interpret other samples from that interval throughout the data set.
These data were integrated to form a more complete and concise understanding of
the TMS and also the Tuscaloosa Group as a whole; this led to being able to discern
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major transgressive-regressive cycles from literature and providing a means to correlate
the Tuscaloosa Group and Eagle Ford Group.
Discussion of Conclusions
Correlation and Sequence Stratigraphy
The correlation of the TMS unit across the study area was made easier by also
picking the Upper and Lower Tuscaloosa tops where the log data allowed. Understanding
the sequence stratigraphic framework of the entire group led to a more finite selection of
the actual shale intervals of the TMS, as the units are very cyclical near their boundaries.
The Upper Tuscaloosa top was chosen directly above a massive sand with two
small transgressive-regressive pulses at its shallowest depth. The shape of the well log
response was distinct enough to trace across the study area. The Upper Tuscaloosa top
was denoted as layer A, and layer A – D represented the Upper Tuscaloosa unit. Layer B,
the top of the TMS, was picked at the first onset of a distinct shale layer, which is
immediately followed by a small pulse of sand, layer C, that was traced across the study
area. The TMS was chosen at the first shale and not below the layer C sand because the
sand was interpreted as a representation of a smaller regression and subsequent
transgression than the other stratigraphic layers chosen. Layer D was picked as a distinct
shift in the well log pattern, and later interpreted to be the MFS, where the system shifted
to HST from the TST as you move down the section. The TST is represented by the
layers D – F and F – G. The distinction of unit F – G within the TMS was made based on
a regional shift right in the SP and GR logs. Top G was used to mark the top of the Lower
Tuscaloosa, which is where the transition from LST to TST occurred in the sequence.
The top H was given to the regionally continuous massive sand in the Lower Tuscaloosa.
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This was a coarsening upwards sand unit that represented periods of lower sea level after
the unconformity that is found at the base of the Lower Tuscaloosa.
Choosing parasequences within the TMS was not practical without quality gamma
ray logs, but third order sequences were easily traced across the entire study area. The
Upper Tuscaloosa top was chosen directly above a massive sand and this sand was used
as the primary means of picking the Upper Tuscaloosa top for the entirety of the study;
however, Schlumberger tops were used for comparison for the tops chosen in this study.
Picked tops were the only basis for correlation of the Eagle Ford in southern Mississippi,
along with utilizing picking techniques from literature (Figure 5) (Dubiel et al., 2012).
The correlation between the Eagle Ford and the Tuscaloosa Group in this study shows
that the Eagle Ford Group and Tuscaloosa Group do correlate across the Texas and
Louisiana state border. The Eagle Ford top is picked slightly above the Upper Tuscaloosa
top, but the study shows that this is a correlative unit. The Upper Tuscaloosa is not
normally picked near the top of the sandy interval above the TMS, but at the distinct
sand. It appears that the Eagle Ford is picked at a shallower depth up the sand interval
and that they represent a conformable unit with different markers chosen as their tops.
This correlation is better understood through sequence stratigraphy.
As hypothesized, the Eagle Ford and Tuscaloosa Marine Shale are both part of the
same T-R cycle. The fifth T-R cycle that infilled the Gulf of Mexico during the
Cretaceous Period was responsible for the deposition of both units. While the
stratigraphic units are not directly correlative, they are conformable with the Eagle Ford
Group correlating to the Tuscaloosa Group chronologically, but lithologically lying on
top of the Tuscaloosa Group. The actual shales also do not correlate due to structural
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limitations brought about by regional folding (Figure 8). The portion of the Eagle Ford
that is stratigraphically present in Mississippi is part of the Eagle Ford Group, but not the
unconventional Eagle Ford Shale reservoir.
The same HST responsible for the deposition of the upper portion of the Eagle
Ford can be correlated across Texas and Louisiana into Mississippi to the Upper
Tuscaloosa (Figure 5). This correlation demonstrates the relationship between the two
units. However, the correlation between the Eagle Ford Shale and the Tuscaloosa Marine
Shale can only be made through in-depth mineralogy and geochemical studies, because
the two basins were separated at the time of deposition by a series of structural highs
between present day Louisiana and Texas that were present in the Late Cretaceous during
the late Cenomanian-early Turonian stages (Figure 2).
The use of sequence stratigraphy is essential to form correlations across the Gulf
of Mexico Basin and to the smaller scale within the TMS itself. The TMS is said to
represent a complete transgressive-regressive cycle, but so does the entire Tuscaloosa
Group. The distinction is in the scale of these depositional sequences within the cycles
they represent. The data used in this study were not high resolution enough to interpret
finer fifth order cycles within the TMS. The presence of layer C, the small sand within
the greater TMS, signifies that there are higher order cycles that could not be traced with
the SP logs. The previous work of Weitkunat (2015) done with GR logs paired with core
analysis made the distinction of these higher order cycles possible. However, this was not
feasible in the scope of this study, although lower order cycles A – H were identified at
larger scales.

95

Characterization
The results of this study made it possible to report general observations about the
lithologic properties and grain relationships of rocks at each of the Tuscaloosa Group’s
intervals. The characteristics varied with depth and lateral extent across the study area, as
hypothesized. The Upper Tuscaloosa samples generally contained more clay than
originally expected. The cuttings used in the SEM and thin section analyses were chosen
based off of the dominant lithology from each sample interval. The samples contained
more sandy shale and dirty sands than pure sand. The samples chosen in the lower
portion of the TMS had a higher sand content than expected below the MFS (Figure 9,
Figure 10), and this is especially important for unconventional production.
Results from the thin section, SEM, and elemental mapping with EDS showed the
main TMS to have quartz content, but that content varied laterally and vertically through
the study area. This is especially important for hydraulic fracturing because a higher
quartz content makes the shale more brittle, and it also means that the shale contains a
lower percentage of clay. V-clay and V-shale calculations, which are the volumes of clay
and shale respectively in relation to other lithologies in the sample, are performed on
rocks that have the potential to be fracked to ensure that the clay and mud grains in the
rock will not swell to the point of clogging fractures and inhibiting production. In
contrast with the thin section analysis from the Johnston et al. Unit #1 well, samples from
the Humble 1 Holmesville Unit 1 well had relatively high V-clay contents at 28% for the
10,659.5 feet depth and 43% for the 10,660.5 feet depth, which are within the sample
intervals (Enomoto et al., 2018). This discontinuity could be due to the fact that the
Humble 1 Holmesville Unit 1 well is located more to the east and further up dip than the
96

Johnston et al. Unit #1 well. The sample depth also puts the cuttings used for the Humble
1 Holmesville Unit 1 well closer to the upper portion of the TMS above the MFS, but it is
impractical to make a finite observation without a well log for this well to compare to the
Johnston et al. Unit # 1 well.
Additional observations in the characterization study included the presence of
pyrite, secondary dolomitization or magnesium rich clays, variations in compaction
impacting pore space, and the deformation of clays. Pyrite was observed in the elemental
maps from Figure 51, Figure 57, and Figure 60. The iron and sulfur in the same parts of
the grains suggest the presence of pyrite. Magnesium rich clay or secondary
dolomitization is also suspected in the sample shown in Figure 60, where magnesium and
iron have filled in linear cracks in the grain. The sample is from the 10,660 – 10,661 feet
interval in the Humble 1 Holmesville Unit 1 well. USGS data from this interval at
10,660.5 feet state that this sample has a carbonate content of 29%, whereas the sample
from a foot above it, at 10,659.5 feet, shows a carbonate content of 54% (Enomoto et al.,
2018), which would classify the rock as a carbonate mudstone. The carbonate content in
the 10,659 – 10,660 feet interval seems to be carbonate peloids, which would explain the
shape of the calcium presence on the elemental maps and high carbonate content of the
sample. Clay deformation and pore space also varied across the study area. There was
more deformation of clay where the illite grains were bent around quartz grains in the
upper portion of the TMS in the interval C – D (Figure 25), directly above the MFS. It
appears that the grains in this portion of the TMS are larger than those in the deeper TMS
due to the changes in sedimentary influx as the sea level regressed into the HST in the
infilling interval. Deformation of illite is also present in the deeper depths of the No. 1
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Fernwood 3-13 well, with similarly bent clays shown in Figure 33, but this is likely due
to the fact that the No. 1 Fernwood 3-13 well records the Tuscaloosa Group at a
shallower depth (Figure 17) than in the Prestridge 1 well, and the unit C – D received less
overburden pressure through time.
Opportunities for Later Study
The correlation between the Tuscaloosa Group and Eagle Ford Group could be
studied in more detail. The Austin Chalk is a very distinct stratigraphic layer that could
be more easily correlated across a long distance because its deposition was less cyclic
than the alternating sand and shale packages of the Upper Tuscaloosa. Choosing a finite
layer to correlate above the upper portions of the Tuscaloosa and Eagle Ford groups
would make the understanding of where the Upper Tuscaloosa and top of the Upper
Eagle Ford meet one another clearer. The information gathered in this study suggests that
the Eagle Ford Shale and Tuscaloosa Marine Shale are contemporaneous, but not
correlative. A deeper comparison of lithologic data would better explain the true nature of
their relationship.
Geochemical analysis would be beneficial to attain a better understanding of the
reasons for the formation of pyrite in the study area. Elemental mapping paired with
geochemical data could offer a stronger explanation for the presence of pyrite and
diagenetic processes in the TMS.
Finally, structural maps indicate that there is faulting within the study area. The well
log data within the scope of this study did not show obvious signs of faulting that could
be mapped across the wells. A data set with better well control would be invaluable to
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understanding the location of faults in this portion of the TMS and how they affect the
production potential.
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APPENDIX A
WELL LOG DATA TABLE
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Table A.1

Table listing all wells in study with details for data and formation tops.
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